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Abstract  
Taking the small fault as research background, which existence ahead of fully mechanized coal face, the roadway 
stability were monitored by the means of electromagnetic radiation instrument. Combining with X-Ray Diffraction 
experiments, the changes of roadway’s coal and rock mass energy were achieved from the microscopic view. The 
results of X-Ray Diffraction experiments show that coal and mass microcosmic composition were silicate minerals 
which have lower conductivity and loss smaller energy than a true reflection of the monitoring results when the 
electromagnetic wave propagation, meanwhile, monitoring results can be more true reflection of the electromagnetic 
radiation energy changes in the coal and rock mass. And the monitoring results of electromagnetic radiation energy 
show that little or no energy accumulation in fault location while the distance between working face and the fault 
more than 70m, but the energy dramatic changes while the distance within 10m. Electromagnetic radiation energy 
value through steady-increase-the maximum-decreases, which indicates a larger energy accumulation appear in front 
zones as the value increases again. Base on principal component method, the monitoring points which arranged 20m 
in front of fault can fully obtained the coal and rock mass internal energy accumulation and release rules. 
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1.  Introduction 
 The faults which appearance ahead of working face while mining were not avoid. And the roadway 
roof continuous capacity to support and transfer were cut down. Nearby the faults position, there were 
usually to be heavily stressed zones with roadway driving and mining and led to severe disasters. 
Therefore, recently many scholars have done lots of research on field monitoring [1-3], rock mechanics 
experiments [4-6], similar simulation tests [7] and numerical simulation [8], also achieved many valuable 
results. Usually, the roadway pressure monitoring methods are convergence of roadway’s sides, 
convergence between roof and floor, roadway’s sides and roof pressure. However, electromagnetic 
radiation monitoring method has been normally used for prediction local dynamic instability disasters of 
coal and rock mass. The degree of risk can be determined by analyzing the electromagnetic radiation 
energy. With regards to this, taking the fully mechanized coal face passing through fault as research 
background to monitor and research. 
2.Overview of the project 
Renjiazhuang coal mine was located in the western Ordos Basin, and large areas belonged to low 
Semi-desert hills. Mining coal seams include Shanxi formation and Taiyuan group, which came to 12 
layers. The ground elevation was +1318.4m̚+1322.8m. Working face 11305 was located in face 11, 
elevation was +864m̚+940m, buried depth was 380̚450m, working face trend was 1617m, azimuth 
was 207.5e, coal seam average thickness was 2.56m; It is appearance a normal fault 30m in front of 
roadway 11305, and fall of 1.4m. 
 
3.X-Ray Diffraction experiment 
Rock resistivity variation characteristics with pressure mainly depended on mineral microstructure 
and rock macrostructure. When the electromagnetic wave propagation in the conductive medium, the 
greater conductivity the greater attenuation coefficient, it was also means the greater loss of 
electromagnetic wave [9]. Therefore, we selected samples for X-Ray Diffraction experiments. The 
samples were from roof and coal sides of roadway 11305 nearby the fault. The experimental curves show 
in figure 1. 
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Fig.1 X-Ray Diffraction maps of samples of roof and coal sides 
 
TABLE I 
 THE RESULTS OF X-RAY DIFFRACTION 
No. 
Relative content of clay minerals (%) Mixed-layer ratio˄%S˅ 
I/S I K I/S 
D-1 11 9 80 25 
D-2 13 9 78 25 
D-3 15 9 76 25 
M-1 20 8 72 20 
M-2 19 9 72 20 
M-3 10 8 82 25 
 
The results of X-Ray Diffraction experiments show in table 1. It was obvious to see that kaolinite 
was the major components of roadway 11305 coal and rock mass; And it also include little illite and illite 
mixed layer minerals. Kaolinite belongs to clay minerals; chemical composition is Al4[Si4O10]•(OH)8; 
The crystal belongs to layered structure of water of silicate minerals of triclinic system. The ideal 
chemical composition of illite is K0.75(Al1.75R)[Si3.5Al0.5O10](OH)2; The crystal belongs to layered 
structure of water of silicate minerals of monoclinic system. Montmorillonite, also known as 
microcrystalline kaolinite, chemical composition is Ex(H2O)4̗(Al2-x,Mgx)2˷(Si,Al)4O10˹(OH)2̙. Due 
to the silicate minerals conductivity are 10-10~10-14s·m-1, when electromagnetic wave propagation, little 
energy lost. 
 
4.  Analysis of Electromagnetic radiation  monitoring data 
Taking the fault disposition of roadway 11305 as monitoring point No.7, distributing monitoring 
point No.8, No.9, No.10, No.11, No.12 ,No.13, No.14 and No.15 from fault to working face every 10m; 
The opposite direction distributing monitoring point No.6, No.5, No.4, No.3, No.2 and No.1. The 
monitoring points show in figure 2. During 2010/01/23~2010/02/6 periods, the monitoring work began at 
100m ahead of fault along the opposite mining direction until fully mechanized coal face passing through 
fault. 
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Fig.2 The arrangement diagram of electromagnetic  
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radiation monitoring points 
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Fig.3 The EME value curves of monitoring points at different mining position 
 
 From the Fig.3, it is found that EME values of monitoring points increased while the working face 
was 90m in front of fault; It was a peak value of 6.1mv at No.13, then grown down; EME values reached 
the maximum at No.10, then grown down again; It can also be concluded that the whole values of within 
the zones of 20m were larger than outside the zones of 40m ahead of fault, nearby 30m ahead of fault, the 
maximum energy accumulation. 
 As the working face at 70m ahead of fault, EME values of monitoring points through increase-peak-
decreases-increase-the maximum-decreases variation from far to near the fault; It was a peak value of 
11.7mv at No.12, and the maximum value of 41.38mv at No.8; It can also be concluded that the whole 
values of within the zones of 30m were larger than outside the zones of 40m ahead of fault, nearby 10m 
ahead of fault, the maximum energy accumulation. 
 As the working face at 50m ahead of fault, EME values of monitoring points through decreases-
increase-decreases variation from far to near the fault; It was a maximum value of 44.41mv at No.9; It 
can also be concluded that the whole values of within the zones of 20m were larger than outside the 
zones of 30m ahead of fault, nearby 20m ahead of fault, the maximum energy accumulation. 
 As the working face at 30m ahead of fault, EME values of monitoring points through increase-peak-
decreases variation from far to near the fault; It was a peak value of 17.63mv at No.9. 
 Within 10m~30m zones ahead of fault, the coal and rock mass accumulated greater energy. And the 
energy grown down with mining; When the working face at 30m ahead of fault, EME values of fault 
points was minimum; Also it means that coal and rock mass had been compacted. However, the EME 
values of fault were not the maximum wherever the distances were 90m, 70m or 30m from working face 
to fault; The maximum value with 10m~30m zones ahead of fault; According to these results, the fault 
disposition could be found and the reasonable measures of prevention would be took by EME values 
results. 
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Fig.4 The EME value-date curves of different monitoring points 
The Electromagnetic radiation monitoring dates total up to 10days from 2010/01/23 to 2010/02/06, 
and which corresponded to the distances were 100m, 90m, 70m, 60m, 50m, 35m, 30m, 20m, 10m, 0m 
from working face to fault. In order to research each monitoring point EME values variation with mining, 
we pick up No.9, No.8 and No.7 monitoring points to analyze. From the Fig.4, it is found that EME 
values of No.9 through increase-decreases-increase-decreases-increase-increase-decrease variation; The 
EME values were lower away from fault 80m, increased at 70~50m position, slightly dip at 40m position, 
the maximum at 30m position, the minimum at 15m position, fluctuations in disorderly within 10m. And 
the EME values of No.8 through increase-decreases-increase-decreases-increase-increase-decrease 
variation; The EME values were steady and lower away from fault 80~90m, increased at 60m position, 
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slightly dip at 50m position, the maximum at 40m position, the minimum at 25m, fluctuations in 
disorderly within 10m. The EME values of No.7 through increase-increase-decreases-increase-decreases-
decreases-increase variation; The EME values were steady and lower away from fault 100m, increased at 
70~90m position, slightly dip at 60m position, increased at 50m position, the minimum at 20~35m, 
fluctuations in disorderly within 10m. 
Comparison of three measurement points , it could be obtained that the EME values were lower 
when the distance more than 70m between working face and fault, the maximum at 30~50m position, the 
minimum at 10~30m, fluctuations in disorderly within 10m. Meanwhile, the EME values through 
increase-decreases-increase-peak-decrease variation, when next increase came, it meant that coal and 
rock mass would be violently failure, and all the energy released. The results showed that the EME 
values of fault monitoring point changed not significantly compared to other points which away from 
fault 10m and 20m. 
 
5.  Principal Component Analysis 
 
TABLE Ċ 
THE EME VALUES OF MONITORING POINTS 
No. 1/23 EME 
1/24 
EME 
1/28 
EME
1/29 
EME
2/1 
EME
2/2 
EME
2/3 
EME
2/5 
EME
2/6 
EME 
9 4.43 23.23 
22.4
8 
14.3
3 
44.4
1 9.09
17.6
3 
45.4
6 
14.1
3 
8 17.85 
22.2
3 
41.3
8 14.2 
33.6
8 6.99 9.57 
22.2
2 16.7 
7 7.725 20.8 
27.8
1 
11.7
8 
26.3
8 13 
10.5
8 
10.0
7 
14.0
1 
 
 In order to find which points could more comprehensively reflect rock and coal mass energy 
accumulation and release rules with mining, we chosen No.9, No.8, No.7 monitoring points to study. And 
analyzed base on principal component method. In practical problems, there may be some variables 
correlated among data. It also means that there may be overlapped among multivariable information. 
How to use less variables to reflect more variable information, and the alternative reflect the most of the 
information for original variables, this is principal component method. According to this method, the 
more variability of the variables the stronger ergodicity for various scenes, more fully the information 
provided and greater amount of information would be obtained [10].Principal component analysis steps 
are as follows: 
 1) Standardization of the raw data to eliminate the differences in the results due to different units. 
 2) Establish the correlation matrix of variables. 
 3) Find the eigenvalues of correlation matrix. 
 4) Determine the importance of each variable among variables. 
 Base on principal component analysis method, it was concluded that the eigenvalues are 4.9722, 0, 
4.0278 which correspond to No.9, No.8, No.7 monitoring points; According to these results, No.9 
monitoring values was regarded the first principal component and No.7 monitoring values was regarded 
the second principal component; These also meant the monitoring point position which distributed 20m 
ahead of fault would more comprehensively reflect rock and coal mass energy accumulation and release 
rules with mining. 
6.  Conclusion 
 A. The results of X-Ray Diffraction experiments show that kaolinite was the major components of 
roadway 11305 coal and rock mass; And it also include little illite and illite mixed layer minerals. 
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Kaolinte, illite and illite mixed layer minerals belong to silicate minerals which had lower conductivity 
and loss smaller energy than a true reflection of the monitoring results when the electromagnetic wave 
propagation in them. 
 B. The monitoring results of electromagnetic radiation energy show that electromagnetic radiation 
energy value through steady-increase-the maximum-decreases, at the same time, the coal and rock mass 
through compaction-broken-compaction-broken process which indicates a larger energy accumulation 
appear in front zones as the value increases again. Little or no energy accumulation in fault location while 
the distance between working face and the fault more than 70m, but the energy dramatic changes while 
the distance within 10m.  
 C. Base on principal component method, it was concluded that No.9 monitoring values was regarded 
the first principal component. The monitoring points which arranged 20m in front of fault can fully 
obtained the coal and rock mass internal energy accumulation and release rules. 
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